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ROYAL AIRCRAFT ESTABLISHMENT, FARNBOROUGH

A Survey of Low Reflection Coefficients for
Various Types of Land and Frosen Sea for
Normal Incidence at 1600 Mo/s

by
J.K. Gurlick, B.Sc., AM,I.E.E,

SBLLLRY

During development on radio terrain clearance indicators work wus
done to measure the reflection coufficicnts from terrains expucted to
have the lowest valucs, The measurements were mode ut a frequency of
1600 Mc/s. They depended upon the reesption in an sircraft flying over
the terrain, of a signul transmitted verticolly downwards from the aire-
oraft and reflscted back to it,

The refleotion coefficient of desert sand agreed with = figure
obtained earlier at 400 Mc/s. by other authorities., It had busn con=
ajdeved to be the lowest reflection coefficient to be found from any
natural terrain,

Measurements over barren frosen arctic terrain or sea covered by
several feet of ice produced reflection coufficients equal to those from
desert sand.

Over terrain deeply frosen and covered by deep snow and vegetation
however, appreciably smeller refluction occefficisnts were msasured,
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1 Introduction

For an airborne installation, weight, sise and power consumption of
any equipment are closely limited, especially when the equipment is for
general installation. A terrain clearance indicator, as an ancillary

" piece of equipment, should clearly acoept these limitations, As a piece

of military equipment, however, it is required to operate to a prescribed
standard over every type of terrain, so that adequate power must be
produoced,

The strength of a signal transmitted from and received dack in the
airoraft depends on the refleotion coefficient of the terrain over which
the plane is flying, 8ince the tranamission is vertically downwards no
problems of plane of polarisation exist.

It has long been kmown that dry desert sand gave

- cosfficlent, Mesasuremerits had been mads much ou-lhri uﬂoo Wt,

other autherities have made msasurements more reoentuz at 10,000 llc/s.
The value for the reflectimn coefficient measured by us at 1600 Me
agreed closely with that at 400 Mc/s. The figure fer 10,000 Mo/s
would seem to be appreciably amaller,

Calculations were made of the reflection coefficients of frosen
arctic terrains, and much valuable informetion was extracted from a report
by Dr. J.A.Saxtonl,

It was shown, by calculating on a simplified basis, that arctic
terrain oould be as bad as, or even worse than barren desert. All avail-
able sources of U,S, and Canadian information were approached for results
of theory or measurement of arctic reflection ccefficlents, but no satis-
factory information was collected. It was therefore decided to make
actual measurements ovor subearctic terrain in Northern Canada in mid-
winter when complete freczing takes place tc a depth of several feet,

2 Method of Measurcment

The measurements of reflection coefficient were made by comparing
the strength of a reflected sigral from a given terrain with a signal
reflected from opsn sea, The figure for ths reflsction oceffigient of
sea wator was taken us 0,85 as given in the paper by ir. SaxtonJ.

It was possible in most cases to make direct comparison with an
open water reflection, The desert measurements were made over ooastal
sand in the Sinai Peninsular, The frosen ground and sea measurements
were made in North Canada, either near to Hudson Bay, where there is
almost always a wide opén stretch of water, or else near to the Great
Lakes, whers open water was also found, Further checks were made on
all oocasions of ths overall loop gain of the equipment in flight,

The equipment used was an experimental model of a terrain clearance
indioator working on a frequenoy of 1600 Mc/s, The transaitter produced
pulses of about 0,5 microseocnd duration with a pulse repetition frequency
of 10 ko/s, The pulses reflected from ths ground were displayed on a
oathods ray tube on a oiroular time base as a radial reflection,

The gain was chocked using an attenuator and a delay line of ooaxial
oable of sufficient delay to allow the pulse to e seen outside the mero
height break through pulse. The attenuation of the cable was oorrected
for temperature from the known characteristios of the cable, Two levels
were checked at full gain, to determine a pulse which was just limiting
on the cathode ray tube, or a pulse which was jJust visidle above the noise,
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The set performance having been checked, lossy oable of lmown
attenuation and negligible delay was introduced into the transmitter
or receiver oables to produce a received pulse which could be checked
visually and set to a standard emplitude over open ssa. Then,ovar a
terrain of lower reflection coefficient, attenuation was removed by
known amounts until the reoceived pulse was again of standard amplitude,

A different check was used on some ocoasions, when, with the
attenuation unchanged, the aircraft was flown from one height over ses
to a different height over a second terrain to produce signals of
standard amplitude., Assuning a law of attenuation with height, the
reflection coefficient of the terrain relative to a sea figure can
again be obtained. The law of attenuation with height wus assumed
to be & third power law, for reasons given later in Appendix I. These

The flying was mostly done at 10,000 feet or at 20,000 feet.

No great accursqy was claimed for thsse measurements, but two
cbservers made a large number of measursments, and ths results were
repeatable to better than ¢ 2 db,

3 Choice of Terrains )
It has been known for a long time that the reflection coefficient

‘of dry desert was very low, being the extreme occse of the variation of

the reflection coefficient with the moisturs oontent of a terrain, 1In
faot it has often been assumed that dry desert provided the lowest
reflection coefficient to be found for any terrain. Moreover, sinoe
desert areas have been frequently flown over for several years, this
fact has been of some importance, and indeed many measurements have been
made in desert areas,

Pigures had been quoted for the refleotion coefficient of dourtl
at 400 Mo/s, but the reliability of this infcrmation was not known. It
was tharefore decided to carry out measurements at the frequency of
1600 Mc/s used by a terrain cleurance indicator, Care was taken to
select an area of loose, shifting, and ocomplately dry sand., It was
desirable that ths area should be coastal so that a direct and rapid
oomparison of sea and sand reflectiocas could be madse,

A suitable area was looated on the north coast of the Sinai
Peninsular between Port S8aid and El Arish, and it was there that desert
flying was done. The north African coast in general is limsstone rock,

" covered often by a little sand but rarely by loose sand dunes, Flying

was ocarried out over much of this area too from El Alamein to the
Bl Adem-Benghasi area,

At the seme time as this flying programme was ocarried out, in
Juns 1950, preliminary considerations showed that low reflection aight
be expected from snow covered, or frosen areas. Until recently there
was little or no flying done over *he arotic, but since arctic flying is
beooming more frequsnt, it was decided to investigate ths problem. It
was too late to arrangs for a flying programme over arctic terrain in the
winter of 1950=51, and it had to bs deferred until the winter of 1951-52,

A recent paper by Ir. J.A.Saxton) treated thecretically the reflso-

tion of radio waves froam snow covered or ice covered terrains for all
angles of incidence, It was shown that due to the very low attenuation

b,
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in snow and ice, ths medium below tho snow and ioe still playsd an impore
tant part in the bshaviour of the terrain. The paper dealt with the
general case, The present survey was concerned only with the partiocu=
lar ocase of normal incidence, and it was found that s simple approach
oould be made by treating the problem as one of impedance change, as
shown in 4Appenix IX,

-

The calculations showed the following points:=

(1) Normal moist land, when snow covered, could give a slight
- decreass of reflection cosfficient if the snow was ocmpletely
dry.

(2) Dry sand covered by dry snow could give a reflection coeffiow
dent much -uuqr than the already small reflection ocefficient

(3) Sea covered by ice would have a reflection coeffiocient
approcisbly lower than that for open water, but comparable
with moist land,

It was considered that in the arctic, where land and sea are
frozen to a depth of several feet, and where the temperature is very
low, 8.g. =50°C at the surface; the surface layers would bs so oom-
pletely frozen that no liquid droplets would remain dispersed through-
wut the ice or soil, In such a case the soil could be considered to
have a similar reflection coefficicnt to the same soil if completely
dry, as the contribution by the frozen moisture content would be
negligible, Even if the turrain was completely waterlogged, and then
oamplately frosen out, the reflection ccefficient would de expeoted to
be still quite low. This condition might have a close equivalent over
the vast tracts of the arctic and sub-arctic areas of tundra or muskeg.

It was therefore decided that a flying prcgramme should be oarried
out over Northern Canada in the c.ldest part of the winter to check -
these results. .

The flying was done during January and February 1952 and mostly
from Fort Churchill on the 8.¥, shore of Hudson Bay, Fort Churchill
being chosen for various ressons. It offered accommodation and also
the airoraft facilities of a heated hangar,- It was just about at
the edge of the tree lineg, To the ncrth were vast areas of barren
gravel. -Inland were areas of muskeg, Further inland was deep
forest land, and, of course, there was ths ice of Hudson Bay. More-
over, in general, there is usually a stretch of cpen water, or lead,
to be found on liudson Bay for use as a comparison. Although the Bay
freeses over ocompletely, the whole los oap moves slightly dwe to winds
and there is generally an open water lead whioh may be up to a mile or
so wide and many miles long, This is generally to be found near to
the coast and is mostly on the West side of the Bay, i,e, near to, or
North of Fort Churchill,

The measurements over ice wers done in flights out towards the
oentre of the ice pack in Hudson Bay. Here the locs was probably up
to 9' thiok, but with a very rough surfaoce and much ice piled up, The
ooastal ios would be 3 to 6 feet thick only, But even here the aur=-
face was rough with huge pressure ridges where the ioce was pushed up
to ridges many feet in height,

5.
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The aress to the North of Fort Ohurchill and Bskimo Point to
Chesterfield Inlet had vast tracts of barren ground and shingle and
shallow lakes, As was typioal of this sort of terrain, it wes swept
by wind and as a result had little of nc snow cover, a few inches at
the most, As a result the whole area would be frosen to & oonsidere
able depth, i,e, several feet. In fact, being in the permafrost sone,
both gravel and lake would be frogen right dom to the permanent frosen

layers.,
The muskeg areas too had little snow cover and as a result again

- all the water pans and the earth could be expected to be frosen down

to the permafrost level also.

Prom Fort Churchill the airoraft rmwmameomlmh 7

of Iake Athabasiks apd on to Whitehorse in the Yukoh,

" ‘allowed measurements to be made over torrdnuhiohmhuvﬂ;woodod »

and containsd a large number of lakes. There was a complete oover
of loose lightly compacted sixw some three feet or more deep. This
covered lakes and land, and alsc, being different in texture from the
hard fine granular snow as found at Fort Churchill, it thiokly oocated
all the branches of the trees,

As a result of the deep snow oover the ground was thermally
protected and would be less oold, and frosen to a smaller depth, than
at Foart Churchill. The ice on thp lskes was less thick than the Bey
ios and also would bde comparatively smooth cn the surface.

Purther checks on this type of terrain were made in flights on
the return journsy from Fort Nelscn to Edmonton, and from Edmonton to
Ottowa, using, in the latter cass, open water of Lake Superior for a
comparison.

b Results

The figure for the reflection ccefficient of sea water was
asccepted as 0.85, It was also knewn that over typical English moist
terrain the reflection coefficient was down relative to sea water by
sbrut 4 to 6 db. There was, of course, a greater decrease over ary
sandy soils after a long spell of dry weather,

Desert Sand Dunes

Over the dry shifting sands of Sinai the decrease, compared with
a sea refleotion, was approximately 15 ab,

Berren Desert Book

Measurements over the rooky desert of North Africa showed that
the signals were not quite so weak as from the
and a comparative figure of 12 dd would seem to be reasonsdle.

¥ring
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Muskeg ond Borren Grovel

Both types of terrsin seemed to give & refleotion 10 - 13 4b
domn on ses, The velue wes mostly 13 &b dowm but ccossionslly the
reflected wove seemoed to inoresse in strength, This wes probadbly
dus to & somevhat stronger spsculsr reflection from smooth sheets
of ioce vhioh were sometimes vory extensive, instesd of the oustomry
mixture of grovel or muskeg and smoll ponds.

Inland Snow Covered Lokes

The reflaction from thc snow ocovered lakes was somevhat stronger
thon from the rough sea ioco and wos nbout 10 db down on sea raflections.
This may portly be dus to the foot that the inlond lokes, be:lng _oom=

;hod wmooth: s aur:aqg by, TE
‘ness with whioh the reflecticn’dhomaed Wion tiylig Trol ol
indioated that the reflsotion wos largoely speoular,

Snow Covered Forest

This provided the weskest signals so far recordsd and the vslue
wes repeated esch time flying wes done over such ground. The value
ves consistently 20 db dovm on o ses reflection.

— The above resulis are oollected together, sssuming the reflection
coefficient for weter to be 0,85,

Terroin Refleotion Relative jReflection Coefficient
e to_Ses . |essuming 0.85 for Ses |
Sea 0 0.35 §
Dry Desort Sund =15 @b 0,15 ‘
Barren Desert Rock «12 db ‘ .21
Frozen See Ice =13 db 0.19
Smooth Snow Covered Lokes =10 db 0,27
PFrozen kuskeg and Grevel =10 ddb 0.27
to «13 ab 0.19
Frozen Snow Covered Forest =20 db 0,08 !
5 Co; o,

The survey hss covered sll terrsins whioh were expectcd to give
very low values of reflsotion coefficient. Whilst it is expeoted that
hesvily wooded Buropesn terrein or tropicalforests etc. my well ocsuse
e significant decrease in the coefficient of ordinsry soil, it is not
aexpected that values ss low as for srotic forest will be obtained.

It should be stressed that these low ocoefficients refer specifi-
oslly to terrsin so oold that 8ll moisture content has been frozen,
Normel ground, snow snd ice, even when spporently well frosen, osn have
msll drophtn of woter d.tutri.‘ouiod through them. This would tend to
inorease the coefficlent, so thet msammements of snow covered surfavces
in U, X, ond indeed in ocentrol Burope would, in generel, have oocefficlents
of quite o large volue,
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The Cansdisn Darenoe Resesrch Board cowopereted in the osrrying
out of the flights in Northern Cansds by providing mich information
and sasistence in orgenising the progremme, By arrenging for 8q/1dr.
K.R. Greenswey, R.Cod.F,, of their Arotio Resesroh Division to join
the expedition throughout the flying programms, they provided us with
expert sdvice on srotio terreins and oconditions., Without this udn-
tange it would heve beon impossible to identify the various types of
torrein undsr the difficult flying oonditiona enocountored,

The flights were carried out in a York sirorsft from the Roysl
Airoraft Estoblishment. Whilst in Consda the siroraft wes sttsched
to the Ministry of Supply, Climstioc Detsohment C.E.P.B., Edmonton, Alborts.

!bc work wes oorried out under the guidanoce of Mr, W,L.Horwood

A o% the Royel dixeresy Sswblisment, M. V.G» Condle
GWicF on all W0 F1ights sl seateted th 'S

equipment and instelletion.

- LIST OF SYMBALS
Pt = \ Tronsmitter powor
Pp s The power in tho matohed loed of s rooeiver serisl at O

Py = The part of P, usoful in building up the peak of the
reccived pulse

G = Power gain of transmitter serisl, relstive to sn isotxopio
souxroe, mnumtimmmltomplunofﬂuurhl

The power distritution psttern of the trensmitter serisl st
sn angle & to the normsl to the serisl

Ss = &zelmtormadﬂwyomd
h = The height of the sirorsft sbove the eorth
4@ = The slant dlstance from the siroreft to s point on the esrth

o = The retio of power re-rsdisted frou on sres 8s 4o the
power imoident upon it

f2(a) = The di:tri.buﬂm pattern of the power re=redisted from the
axes [

g = The powsr gein normel to the srea 88 relotive to the velue
for isotropio re~rsidistion

A = The equivelent sbsorbing srea of the receiving serisl

s The pohrtnﬂ.cn footor of the power, re-vedisted from
the area

r = The distence on the ground between the verticsl frem the
plons snd the slant distonoe at on angle «

8 = The distance equivalent to one pulsc length
8.

£1(=)
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LIST OF SYMBAES (Contd. )
R = The voltage ratio of refleoted to inoident fields, i.e. the
reflection coefficient
K = The ocomplex relative permittivity of & medium
= Transmitter wevelength

Xe. Author Iitle, oto.
1 H. Schonfeld Die Elektrischen Hohenmesser flir Flugscugo
Deutsohe Aksdemie fur Luftfahriforschung,1%3.
2 JeB. Clegg The Bsok Sosttering of 3 om Redio Weves from
The Barth's Surfece., __
TRE Technicol Note T2132 June 1951.
3 Jede Soxton Refleotion Coefficient of Snow and Ice st :
V.H.F.
Wireless Engineer. Vol,27, Pages 17-25, 1950,
Attacheds

Appendices I and II
Detachadls Abstresot Cards
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4 tronsmitter at O radistes
power Fy.

The gein in the aireotion QA
with respect to an isotropic source
is G, and the distribution pattern
is f£9(a), where a is the angle
between QA and the dlrection under

Then the power received on an
element of ares S0 at A

S0
8 Py X ame % G
t X
Lxn2

The power on 5 wnit of ares
8s at B

88 ocosa ;
= By x x G x £,(a) i

lutdz

It has been ossumed thot if energy from a dipols, or other plene
polarised serisl is inoidont on a surfoce which is rough, then the
soattered energy will have o rondom polorisstion and will be sosttered i
scoording to a suitoble law,

Let the retio of re~rsdioted to incident power st 82 be cand

the rodietion psttern be gfo(z), where g is the gein norwal to the

surface. ~Thon the power re=yredicted from 88 at B in the direotion
of 0O ond cvoilable 5t & motohed seriel of equivalent ares A,

= Pyx 8o cosa

x 6€,(a) x o x gfy(a) x;‘.a.z.

2
ox
But 4= :;- fl(a)

* -# ond gain ot mgle « %0 C& is Gfy(a),

Gedin
Also o polarisotion feotor p mast be 8dded, sinve the power re~
redisted from 85 is rondomly polorised snd the serial is polarised in

10,
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.. Power aveilable into a metohed loed

s 2
P, = Py x 8 oos g

:"‘K—QE— X G¢1(¢) xo'gtz(a)' X -:-}; rl(a) xz%‘z X p
2 oosa ba
e e R AL L b

The power returned to an aserisal st O from an snnulus of radius
AB oxandof width K arrives spproximstely from one renge 4, if
X = or,

Xow 5‘-2&5?

But rah tena.
snd Gr-hmzaaa
.'. Sa = 2xh2 tana aecza Sa
Pa' 'Lz

32 Gfl (a) £ (c)g-?-'-gz’th tena sec’a Ba
Ptd'pl

2
--;TGZ ¢tf(¢) tz(c)i-hmmc&

iut oo & -%

o . —-T-ngfl(c) (l)ﬁ'.k

or sinoce 008 & -h and h-.—L—u
sing

2
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Py ph’

Putﬁ.ng K I—,-z—zn
P, = K 62 g £,2(a) £5(a) il

The total powsr retumed to the serisl at ©

] = K 6% f‘ £1%(a) £,(a) -3: s
dsh

Fow i #4(2) snd' £,(a) ete given ss Pfuotions of ocosa
cexrtsin facts are of interest. This is s ressonsbls approximstion,
for s dipols snd refleotor conform very olosely to f£1(a) = oosla(power).

A single slot serisl behsves as f3(a) = cos a approximetely, wheress
the redistion from s double slot serisl is not far from the low

£1(a) = gosc a .

Moreover, re-rndistion from s flat surfece rough compsred with the
wevelength is given sz f5(a) = cos a (Lsmberts Law),

o Totsl power svailsble P.-ng/ con‘a-ﬁ:&a
h

where if the serial polsr diagrsm iz C cos® ¢ and the ground scstter-
ing is goos’a ,n = 2n + ¢ .

2 ® sl
r,-xcg[ -
ho &

=X o%j}n . 3)6“‘3‘,‘
2
(n+3) 02

Tias the totsl ~owsr sveilsble is slwmys proportiomsl %o a8
aould de expevted,

In the pulse sltimeter only the power which arrives a¢ the receiver
within the pulss width time of the earliest retum of energy is uwssful
4 Wuilding w the retwmed pulse.

Consider the lsst useful energy %o be refumied from en sngle of

€ where d=nhes wvhere s is tiw extre path length equivwlent 0 the
pulse width delay, (for & 3/h useo pulss sw 130 feed), Then the
useful sveilsbls power ‘

12,
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P, =k a% / ::-"‘:u

a=h

.'x 528 i hn#l . hn-o-:l.
(m+30% (n+3)(nes)p?

- x % I 1
(n + 3)n2 (n+3) (:nzll)ne

WErr T f e 2 q“‘»‘
bl (noB)hzl (1 ...I.lll.)“’J

=(ne3)
Now expanding (1 + {.)

kn+3)(n+l..)l (n+3)(n¢k)(n¢5) a’
=]l
(n+3){+ > o

L YY)

Por velues where h>> s and for smll velues of n, terms aftder
the second are negligible snd

(1 0-:)-(‘"3) sl-(ne 3){

Then . 2 1
P“-‘o‘--—-i 1.]-’(‘0’)§

(903)!-
-102‘0
w
?’O'pxz 2
"o Ceerk

fo that for all heights where h >> s the sttmuetion with height
follows » third power law, .
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The reflection oveffioients of rodio woves from snow or ioe
oovered terrains hove been casloulated by Sox for oll ongles of
incidence., In denling with the genersl cese, oomplex optiocal
refleotion formulos were used, and it wos oonsidered thot for normsl

The following data wos extrsoted from the article by Saxton and
wos used os o basis for the coloulotions,

Beflection Oveffiolent of Seo Welti, mésiel lnotdemde &% 3500 Me/s Q

= 0,85

Complex perwittivity of "ovorsge” lond 11 = J2
" " " ses woter 88 - 367
b . * lo0 3.05
" " * snow L.40

The intrinsio impedsnoce of o medium of complex permittivity K 1is

14
JE
Thus we tave
Neddum Inpedsnce (otms)
"Averege” Leand 112 + J10
Ses Water 3+ BL5
 Toe a1
Snow 32

The refleotion ocdeffioient R for normal inocidence at the boundsry
of two medis of impedsnces %) snd Z3 1is given by
R -u
hez
The reflection coeffioients for sn air/lsnd or sn six/ses doundary
osn be obtained Aireotly,

Jor the cese where thres medis are involved, it is necessary %o
m,uug:noauumtmw.mm.m
0 the depth of -interiediste layer.

Ay
cirole disgrem, snd the resuliant goefficient cep be seen o be
oscillatory function with maxine an s
of helf wwvelength of the thigkness of the interwediste layer,
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When oonsidering the case of air ses, 1¢
is olesr thet, st the wevelength used, the meu widl at a11
times be r compared with s wvelmngth, snd therefore the resultent
refleotion coefficient will be an averege valus.

Conaider veriocus aimple ceses of one dliscontinuity

1, Alr % Ioe Z air = 377 2 loe m 218

g w3712 216

et 7

2. dir to Snow 2 snow = 320 for well compacted snow
R= 0.0B

)
W b ey e

The attenustion through dsep ice is swll, and through desp snow
is negligibles, so that it will be expeated that in these cases the medium
below the snow or loe must slweys be considered.

3. dir to dverege Lend 2 land = 112

.R'OO%
4 Mr to Ses Z sos » 36
3-0.83
Qsses of Three Nedis

J.051. The impedance st the upper
mow murfeos will very from 320 x 0,35 = 112 chms when the depth is mn odd
wmx/u“ Wi %0 320 x 0,35 = 930 olms when the depth is an even mmber

Yhen $hese valuss axe oonsidered with the sdr impedsnce of 377
l-m = 0,5 ss for the no mow case
31T+
910 = 377
or ‘.mlo.u
90 «+ 377

6. My « Ioe - S0
mwwuuw.sow.smaum 400 of 216

Secomss 0,16 ¢ 5.05. This velus, when trensforwed os shove Suvugh very-

mmmmmm«xunnm.

The extroms vlues of R beoome 0,83 and 0,%.
15,

t
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In both onses the sverege velue shows 8 decresse, dut in ndither
osse 1s 1t vory mxh mmaller,

7 Alr = Snow - Land under sxotic conditions

If land 1s intensely fromen %o 8 oonsideredle depth 4t is con-
siderad that, as 8ll the moisture present in tho soil is in the fom
of ice particles, the behaviocur of the land will be ocomparsble to that
of deaseri whore aimilsrly no moisture is present as such, It ia
stressed, however, that it is imperative that no moisturc, as swoh,
must be present, either in the land or in tho snow or ice cover,

Thus, if the reflection coefficient of frozen arotic terrein
is sssumed to be similar to thet of desert send, i.e. 0,17, the
impedsnac is 257 ohms, Whon this is normslized to snow impedance
it becomes 0085.

moximm is 0,17 ss for the simple onse of a8r = send, . . .

But when the minimum impedsnoce is caloulsted, it is seen to be
0.0, So that the sverage value oen be quite low, of the order of
0.17/2 or 0,08, This condition will exist whenever the impedsnces
of the snow or ice layer and the impedsnce of the land are such that
the intermedists layer scts ss s mstohing transformer i,s. whenever
2{40e or snow) = /377 x Z lend,

The reflection coeffioient whon the trensformod impedsnce is @

.y
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